Background: Contrast-induced acute kidney injury (CIAKI) is a common cause of hospitalacquired acute kidney injury (AKI). S100A8/A9-TLR4-NLRP3 inflammasome pathway triggers inflammation, apoptosis and tissue injury in several AKI models. Nevertheless, the underlying mechanism of S100A8/A9-TLR4-NLRP3 inflammasome pathway in CIKAI is not clear. We aimed to investigate the possible role of S100A8/A9-TLR4-NLRP3 inflammasome in the pathophysiology of CIAKI. Methods: We treated male rats and NRK-52E cells by iopromide to establish in vivo and in vitro models of CIAKI. We collected serum and urine samples to detect renal function. We obtained kidney tissue for histological analysis and detection of protein concentration. We used inhibitor of TLR4 and NLRP3-siRNA to further testify their role in CIAKI in NRK-52E cells. Results: Iopromide caused elevation of SCr, BUN and NGAL level, decrease of endogenous creatinine clearance, morphological injury and tubular apoptosis, enhanced IL-1β and IL-18 expression, and increased expression of S100A8/A9, TLR4 and NLRP3 inflammsome. In NRK-52E cells, iopromide caused enhanced apoptotic rates and ROS generation, which could be ameliorated by inhibitor of TLR4 and NLRP3-siRNA. Moreover, inhibition of TLR4 dampened NLRP3 expression. Conclusion: S100A8/A9-TLR4-NLRP3 inflammasome pathway represented a key mechanism of CI-AKI, which provided a potential therapeutic target.
Introduction
Contrast-induced acute kidney injury (CIAKI) is an important syndrome of acute renal failure occurring after the intravascular administration of iodinated contrast media (CM) in diagnostic and interventional procedures. CIAKI is the third most common cause of acute renal failure in hospitalized patients [1] , accounting for up to 12% of all cases of acute renal failure [2, 3] . CIAKI is also associated with replacement therapy, prolonged hospitalization, increased medical cost and increased mortality [4, 5] . The factors contributed to the pathophysiology of CIAKI are still under controversy, but primarily involve the tubular toxicity, microvascular alteration, oxidative stress, inflammation and tubular obstruction [4, [6] [7] [8] . Among these factors, inflammatory damage may be regarded as one of the most crucial factors in the development of CIAKI. Hence, studies on the mechanism of inflammatory damage induced by CM may be crucial to formulate innovative prevention and treatment programs. S100A8 (also termed MRP8) and S100A9 (MRP14) are calcium-binding secretory proteins that can form homodimers and heterodimers, with the latter being more prevalent [9, 10] . The heterodimer S100A8/A9, derived from neutrophils and monocytes; acts as activator of the innate immune system [11] . In several studies of acute kidney injury (AKI), S100A8/A9 expression was significantly elevated, parallel to the extent of kidney injury. In a model of unilateral ureteral obstruction, S100A8/A9 was markedly produced by epithelial cells of renal collecting duct [12] . Moreover, S100A8/A9 was also induced in response to ischemic reperfusion injury in mice [13] . However, the role and mechanisms of S100A8/A9 in CIAKI have not yet been reported. S100A8 and S100A9 have been noted to be endogenous activators of Toll-like receptor 4 (TLR4) [14] . TLR4, as one of the signal transduction receptors in pattern recognition receptor, plays an important role in noninfectious inflammatory diseases [15] . Emerging studies described that TLR4-mediated inflammatory response facilitate renal injuries, especially acute kidney injury [16, 17] . For example, an increased TLR-4 expression was noted in kidneys with ischemia-reperfusion, accompanied with significantly increase of chemokines [18] . Furthermore, in TLR4-deficient mice, less interstitial neutrophil and tubular damage were observed [19] . Therefore, TLR4 may also play an important role in CIAKI.
The nucleotide-binding domain, leucine-rich-containing family, pyrin domaincontaining-3 (NLRP3) inflammasome has emerged as an important regulator of inflammation [20] . It consists of apoptosis-associated speck-like protein containing a caspase recruitment domain (ASC) and caspase-1. In vivo study showed that NLRP3 inflammasome-knockout mice developed low expression of inflammatory cytokines and less damage in the kidney compared with wild-type mice [21] . In addition, NLRP3 was validated to have a profound effect on renal function in a kidney ischemia model [22] . In various renal diseases, TLR4 was confirmed to induce NLRP3 inflammasome activation and hence promote kidney injury [23] [24] [25] . Although significant effect of NLRP3 inflammasome has been characterized in various renal diseases [26] [27] [28] , its role in CNAKI remains unclear.
Hence, in the present study, we sought to determine whether S100A8/A9 proteins contribute to the CIAKI via activation of TLR4/NLRP3 inflammasome pathway, in both in vivo and in vitro models. To our knowledge, we have investigated for the first time about the role and mechanism of S100A8/A9 in CIAKI.
Materials and Methods

Material
The iodinated radiographic contrast agent used in this study, iopromide (Ultravist 370; 370 mg/ ml iodine) was purchased from Bayer HealthCare LLC (Leverkusen, Germany). Indomethacin, N-nitro-Larginine methyl ester, Hoechst 33258 and 2', 7'-dichlorofluorescein diacetate (DCFH-DA) were obtained from Sigma-Aldrich (St. Louis, MO, USA). The TUNEL detecting kit was bought from Roche (Mannheim, Germany) and the 4′-6-diamidino-2-phenylindole (DAPI) was obtained from Vector (Burlingame, CA, Animal studies CIAKI in rats. All animal experiments were conducted in accordance with the guidelines of Guangzhou Medical University for the care and use of laboratory animals. Mature male Sprague-Dawley rats, weighing 180-200 g at the start of the experiment, were housed in individual cages under controlled conditions of light (12 h/12 h light/dark cycle) and temperature (21-23℃) and allowed free access to standard laboratory diet and tap water. After a 7-day period of acclimatization to the experimental area, rats were subjected to the previously detailed CIAKI protocol [29, 30] , consisting of indomethacin (10 mg/kg), followed at 15 and 30 min, respectively, by N-nitro-L-arginine methyl ester (10 mg/kg) and iopromide (2.9g/kg). Controls were obtained by injections of saline alone administered at each time point. All drugs were injected through the tail vein. The rats were allowed to recover in metabolic cages for an additional 48 h, and urine samples were collected and used for the determination of urinary creatinine excretion. After the rat body mass was obtained and the blood samples were collected for the determination of serum creatinine (SCr), blood urea nitrogen (BUN) and neutrophil gelatinase-associated lipocalin (NGAL), the rats were killed under diethyl ether anesthesia. The kidneys were removed, weighted and bisected in the equatorial plane; the right kidney was divided for western blot analyses, and the left kidney was fixed in phosphate-buffered 4% formalin and prepared for routine histological examination.
Biochemical evaluation of blood and urine samples. Mean SCr, BUN and urinary creatinine (UCr) concentrations were measured using automatic biochemistry analyzer at the Clinical Laboratory, The First Affiliated Hospital of Sun Yat-sen University. The concentrations of NGAL, IL-1β, IL-18 and S100A8/A9 were determined by ELISA. Glomerular filtration rate was estimated from endogenous creatinine clearance (ClCr) using the standard formula: ClCr=UCr×urine volume/SCr. Creatinine clearance for 24 and 48 h after the injection of contrast medium was calculated as ml/min.
Histological examination of renal tissues. The left kidney fixed in 4% formalin was dehydrated in a graded series of ethyl alcohol and embedded in paraffin. Kidney blocks cut into 4-μm sections were subjected to hematoxylin and eosin (HE) staining and PAS staining for morphologic analysis. HE-stained and PASstained tissue sections were viewed by light microscopy at 200 or 400 magnification. For semiquantitative analysis of morphological changes, 10 high-magnification (×200) fields of the cortex and outer stripe of the outer medulla were randomly selected from HE-stained sections. The abnormal tubular histopathology was scored and graded by a semi-quantitative score from 0 to 4 points, according to Weidemann's study [31] : 0, no abnormalities; 1+, changes affecting less than 25% of the sample; 2+, changes affecting 25-50%; 3+, changes affecting 50-75%; 4+, changes affecting more than 75%. All quantifications were performed in a blinded manner.
To detect apoptotic DNA fragmentation, TUNEL assay was performed on paraffin-embedded kidney tissue with an in situ cell death detection kit. Sections were counterstained with DAPI. After fluorescein staining, the TUNEL positive cells appeared brightly green in color under a fluorescent microscope.
Western blot analysis. Nuclear and cytoplasmic proteins from kidney tissues were extracted and protein concentration was determined. Equal amount of protein (40 μg) were separated by 12% SDS-PAGE and transferred to 0.45 μm polyvinylidene fluoride membranes. The membranes were blocked for 2 h with 5% nonfat dry milk at room temperature. Then, the membranes were incubated with primary antibodies In vitro studies Cell culture and treatments. NRK-52e cells, were maintained in DMEM and supplemented with 10% FBS in a humidified incubator with 95% air and 5% CO2 at 37 ℃. The culture medium was replaced with fresh medium every 2-3 days. When the cells grew to about 80% confluency, they were expanded to new culture plates. In order to determine the effect of on iodinated contrast media-induced injury, the cells were co-processed with CM for specific durations. To investigate the role of TLR4 in CM-induced injuries in NRK52e cells, 5μM TAK-242 (inhibitor of TLR4) was co-treated with CM.
RNA interference. NRK-52e cells were transfected at 70% confluence using transfection reagent, and siRNA against NLRP3 (sense, 5′-GCUUCAGCCACAUGACUUUTT -3′, and antisense, 5′-AAAGUCAUGUGGCUGAAGCTT -3′) or a physiologically irrelevant negative control siRNA (sense, 5′-UUCUCCGAACGUGUCACGUTT-3′, and antisense, 5′-ACGUGACACGUUCGGAGAATT-3′). Each dried-down siRNA was dissolved in nuclease-free water to achieve a final concentration of 20μM. Then 5 μl siRNA (20 μM) and 5 μl Lipofectamine were added to a 500 μl buffer system. The mixes were kept at room temperature for 30 min to form complexes, and equal aliquots were then added into one of the wells of a 6-well plate. The cultures were incubated at 37 °C in a 5% CO 2 incubator. The medium was replaced after 12 h with DMEM that did not contain either a siRNA or the transfection reagent. Cells were collected at 3 h for analyses.
Cell viability assay. The CCK-8 assay was applied to detect the viability of the cells. The NRK-52e cells were digested and seeded in 96-well growth-medium plate at a concentration of 1×104 cells/ml and incubated at 37 ℃. After the indicated treatments, the cells were washed twice with PBS. Then 10 µl CCK-8 test solution and 90 µl DMEM were added to each well, and the cells were incubated at 37 ℃ for 2 h. The absorbance value (OD value) at the 450 nm wavelength was measured using a microplate reader (Molecular Devices, Sunnyvale, CA, USA). The means of the optical density (OD) of 3 wells in the indicated groups were used to calculate the percentage of cellular activity according to the following formula: cell viability (%) = (OD treatment group/OD control group) × 100%.
Western blot analysis. After indicated treatments, NRK-52e cells were harvested and lysed with RIPA buffer containing 1 mM phenylmethanesulfonyl fluoride (PMSF) at 4 ℃ for 30 min. Protein concentration was then determined. Loading buffer was added to the cytosolic extracts and after boiling for approximately 5 min, equal amounts of supernatant from each sample were loaded on 10% sodium dodecyl sulphatepolyacrylamide gel electrophoresis (SDS-PAGE). The separated proteins were transferred onto polyvinylidene difluoride (PVDF) membranes followed by blocking of the membranes with fresh blocking buffer [0.1% Tween-20 in Tris-buffered saline (TBS-T) containing 5% fat-free milk] for approximately 90 min at room temperature. Then the membranes were incubated with primary antibodies specific to TLR4 (1:1000), NLRP3 (1:1000), ASC (1:500), Caspase-1 (1:1000), Caspase-3 (1:1000) or GAPDH (1:10000) in freshly prepared TBS-T with 3% fat-free milk overnight with slow agitation at 4 ℃ temperature. After 3 washes with TBS-T, the membranes were incubated with secondary antibody (1:5000) in TBS-T with 3% fatfree milk for 60 min at room temperature. Then the membranes were washed 3 times with TBS-T solution for 15 min. The immunoreactive signals were visualized by ECL detection. In order to quantify the protein expression, the X-ray films were scanned and analyzed with Image J 1.47i software.
Measurement of the secretion of IL-1β and IL-18 by ELISA. The NRK-52e cells were seeded in 96-well growth-medium plates. After indicated treatments, the levels of IL-1β and IL-18 in the culture supernatant were evaluated by ELISA.
Measurement of intracellular ROS level. The intracellular level of ROS was detected using the redoxsensitive fluorescent dye DCFH-DA. Briefly, the culture medium was removed and the cells were washed 3 times with PBS. The cells were incubated with DCFH-DA (10 μM) which was diluted by serum-free medium at 37 ℃ for 30 min. The cells were then washed 5 times with PBS and the relative amount of fluorescent product was captured using a fluorescence microscope connected to an imaging system (BX50-FLA; Olympus). ImageJ 1.47i software was apply to analyze the mean fluorescence intensity (MFI) of DCFH-DA, which indirectly showed the level of ROS. In animal studies, six animals were randomly selected from each group for analysis. In vitro studies, each experiment was repeated 3 times. All datas are expressed as the means ± SEM. Differences between groups are determined by one-way analysis of variance (ANOVA) using SPSS 13.0 software (SPSS, Inc, Chicago, IL, USA) followed by the least significant difference (LSD) post hoc comparison test. Differences are considered statistically significant at P-value <0.05.
Results
Iopromide caused renal dysfunction in rat CIAKI model
The rat model of CIAKI was induced by administration of iopromide after the inhibition of prostaglandin and nitric oxide synthesis. As shown in Fig. 1 , rats in CIAKI group exhibited elevations in plasma biomarkers of SCr, BUN, and NGAL compared with the control group 24 h after iopromide injection (p<0.01). Meanwhile, the ClCr decreased more than 50% in at 24 h after iopromide treatment (p<0.01). At 48 h after iopromide injection, we observed amelioration of SCr, BUN, and NGAL expression, with recovering ClCr.
Iopromide induced morphological alteration in rat CIAKI model
There were tubular vacuolization and degeneration, necrosis, and hyaline or cellular casts associated with infiltration of mononuclear cells in the contrast medium-treated rats, as determined by HE staining, PAS staining and a semiquantitative scoring analysis of the kidneys (p<0.01, Fig. 2A-B) . Specifically, the most severe and pronounced alterations were observed in the renal cortico-medullary boundary zone (the cortex and outer stripe of the outer medulla) rather than in the inner stripe of the outer medulla or inner medulla, notably at 24 h after contrast medium injection. Moreover, the kidney weight to body weight ratios (Kw/Bw) were markedly elevated in CIAKI groups (p<0.01, Fig. 2C ), both at 24 h and 48 h after iopromide treatment.
Iopromide enhanced tubular apoptosis and inflammation in rat CIAKI model
We then used TUNEL staining to detect tubular apoptosis. The kidneys from CIAKI group showed a marked increase in the number of TUNEL-positive tubular cells, which was more severe at 24 h after iopromide treatment than that at 48 h (Fig. 3A) . Western blot 
analysis of Caspase-3 was also performed. As presented in Fig. 3B , iopromide induced almost doubled expression of Caspase-3 compared with control group (p<0.05). Furthermore, we investigated the plasma concentrations of two pro-inflammatory cytokines, IL-1β and IL-18, by ELISA. We found that the iopromide treated rats secreted more IL-1β (p<0.01, Fig. 3C ) and IL-18 (p<0.01, Fig. 3D ) in the circulation, as compared to rats in control group.
Iopromide elevated expressions of S100A8/A9, TLR4 and NLRP3 inflammsome in rat CIAKI model
We detected the expression of S100A8/A9 in plasma by ELISA. Fig. 4A revealed that rats in iopromide group showed higher circulatory level of S100A8/A9 than rats in control group (p<0.01). As S100A8/A9 has been recognized as a potent endogenous ligand for TLR4 [14] , we further detected the expressions of TLR4 and downstream signal NLRP3 inflammsome. Then immunohistochemistry and western blot analysis were then performed to estimate the expression of TLR4 and NLRP3 inflammasome in renal tissue. TLR4 expression was weak in normal rat kidney. However, kidneys from iopromide group exhibited enhanced expression of TLR4, especially in renal tubule (p<0.05, Fig. 4B ). NLRP3 inflammasome consists of three subunits, NLRP3, ASC and Caspase-1. At 24 and 48 h after iopromide administration, NLAP3, ASC and Caspase-1 expressions were observed to be obviously increased in the rat kidney (p<0.01~0.05, Fig. 4C-F) .
Iopromide induced cell damage in NRK-52E cells
To further investigate the mechanism underlying the iopromide-induced kidney injury, we performed experiments on rat tubular epithelial cells (NRK-52E cells). In order to test the effect of iopromide on the cell viability in NRK-52E cells, a time-response experiments Fig. 5A , cell viability decreased with the increasing concentration, which decreased to 70% at 150 mg I/ml compared to the control group. Following exposure of NRK-52E cells to 150 mg I/ml iopromide for indicated duration, the destructive effect of iopromide was evident after 1 h and reached a peak at 3 h (Fig. 5B) . Thus, the NRK-52E cells were processed with 150 mg I/ml iopromide for 3 h in the following experiments. As illustrated in Fig. 6A , the apoptotic rate determined by Hoechst staining was significantly increased in iopromide treated cells (p<0.01). We also found significant elevation of ROS expression in iopromide-treated NRK-52E cells (p<0.01, Fig. 6B ), representing severe cell damage. In addition, iopromide induced inflammation in NRK-52E cells, evidencing by elevated expression of pro-inflammatory cytokines IL-1β(p<0.05, Fig. 6C ) and IL-18 (p<0.01, Fig. 6D ). These results were coincident with the in vivo study.
Inhibition of TLR4 alleviated cell damage and NLRP3 inflammasome expression caused by iopromide
Further, we tried to investigate the role of TLR4 in iopromide-induced kidney injury. TAK-242 (inhibitor of TLR4) was co-treated with iopromide for 3 h. Interestingly, inhibition of TLR4 remarkably reduced the iopromide-enhanced apoptotic rate (p<0.01, Fig. 6A ), ROS generation (p<0.01, Fig. 6B ), as well as expression of IL-1β (p<0.01, Fig. 6C ) and IL-18 (p<0.05, Fig. 6D ). More importantly, the enhanced expression of NLRP3 was also dampened by co-treatment of TAK-242 (p<0.01, Fig. 7) , suggesting TLR4 might act as an upstream signal of NLRP3 inflammasome in iopromide-induced kidney injury. However, TAK-242 alone has no influence on the NRK-52E cells.
NLRP3 inflammasome expression in iopromide-treated NRK-52E cells was suppressed by gene silencing
To clarify whether NLRP3 is also involved in CM-induced kidney injury, we used siRNA to silence NLRP3. The protein level of NLRP3 in NRK-52E cells transfected with NLRP3-siRNA was lower than control group (p<0.05, Fig. 8A ). Transfection with noncoding RNA didn't cause alteration of the NLRP3 expression (Fig. 8A) .
Silencing NLRP3 ameliorated cell damage induced by iopromide
Then we investigated the contribution of NLRP3 inflammsome to iopromide-induced kidney injury. Pretreatment with NLRP3-siRNA for 12 h before exposure to iopromide dramatically reduced the number of apoptotic cells (p<0.01, Fig. 6A ) and ROS generation (p<0.01, Fig. 6B ). The elevated expression of Caspase-3 induced by iopromide was also attenuated by NLRP3-siRNA pretreatment (p<0.01, Fig. 8B ). Likewise, expression of IL-1β (p<0.01, Fig. 6C ) and IL-18 (p<0.05, Fig. 6D ) enhanced by iopromide were concurrently attenuated by NLRP3-siRNA. NLRP3-siRNA alone has no influence on the NRK-52E cells.
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Discussion
CM is widely applied in radiography and computed tomography, which may cause severe kidney dysfunction particularly in those who have underlying diseases, such as diabetes and pre-existing renal insufficiency. CIAKI is defined as an increase in serum creatinine levels by ≥0.5 mg/dl or by ≥25% above the baseline value within 72 h of CM injection [7] . In the present study, in order to increase the induction of nephropathy by CM in animals, the combined administration of indomethacin, N-ω-nitro-Larginine methyl ester (L-NAME), which induced a prolonged reduction of medullary blood flow, and CM was used as previously described [29, 30, 32, 33] . We found that rats showed nearly doubled expression of serum creatinine levels at 24h after iopromide administration compared to control group, representing successful establishment of CIAKI model. Two other biomarker of renal function, BUN and NGAL, were simultaneously increased. Moreover, ClCr was reduced by almost 50% in CIAKI group. Our histopathological studies also confirm significant tubular vacuolar transformation, interstitial edema, and tubular degeneration in CIAKI model. Histologic alterations including proximal tubular vacuolar transformation, interstitial edema, and tubular degeneration following contrast administration have also been reported earlier [34, 35] . Development of edema and enlargement of kidney by CM which was evident by significant increase in Kw/ Bw also confirmed significant renal toxicity.
The mechanisms responsible for the pathogenesis of CIAKI are thought to be a combination of the direct tubular toxicity of contrast media, reduction in medullary blood flow and inflammation [36] . CM can be taken up into the cells and damage mitochondrial function resulting in the increased generation of ROS and cell apoptosis [37, 38] . In our study, we demonstrated significant cell apoptosis, pro-inflammatory cytokine secretion and ROS generation in CM induced renal injury, both by in vivo and in vitro models. According to recent studies, up-regulation of TLR4 expression was reported to be closely correlated with acute kidney injury [19, [39] [40] [41] [42] . In acute tubular necrosis, the tubular injury leads to a secondary activation of the innate immune system: TLR4 is constitutively expressed in both proximal and distal tubules, the thin limb of the loop of Henle, and the collecting ducts. Its expression is upregulated in these areas in ischemia reperfusion injury [43] . Cunningham PN et al. elucidated that a decrease in neutrophil infiltration and cell apoptosis was noted in C3H/HeJ mice that occur a mutation in TLR4 in LPS-induced ARF [44] . Similar to these studies, our findings validated that CM significantly enhanced the expression of TLR4 both in CIAKI rats and NRK-52E cells. Since activation of TLR4 was validated to be related to different kinds of injuries in various experimental models [45] [46] [47] [48] , we investigated the role of TLR4 in CM-induced injuries. Increase in the number of apoptotic cells and production of ROS were observed after exposure of cells to CM. However, these injuries induced by CM were ameliorated intensely by the treatment of TAK-242 (the inhibitor of TLR4), indicating that TLR4 contributed to CM-induced injuries, including apoptosis and ROS generation. Additionally, the NLRP3 inflammasome was accounted to be associated with multiple inflammatory and autoimmune diseases. Knockout of NLRP3 resulted in the reduction of NF-κB activation and cytokine production in Staphylococcus aureus infection [49] . A recent study has found that inflammatory cytokine was strongly depressed in NLRP3-deficient mice of rhabdomyolysis model [21] . According to above studies, we verified the role of NLRP3 inflammasome in CIAKI. Our results showed a significantly increase in the secretion levels of pro-inflammatory, including IL-1β and IL-18 in CI-AKI rats and CM treated NRK-52E cells. Importantly, with the absence of NLRP3, knockout by small interfering RNA, a markedly suppression of IL-1β and IL-18 was observed. Furthermore, in Komada et al's study [21] , they showed that the number of apoptotic cell death of CIAKI was markedly decreased by NLRP3 deficiency, indicating NLRP3 inflammasome might be associated with apoptosis. Consistent with their study, we presented that CM-induced injuries, including apoptotic cells and ROS generation were significantly ameliorated with the treatment of siRNA NLRP3.
Simultaneously, we showed a marked elevation of S100A8 and S100A9 expression in plasma of CIAKI rats. S100A8 and S100A9 belong to the family of S100 proteins, which are calcium-binding cytosolic molecules characterized by two calcium-binding EF hands with different affinities for calcium connected by a central hinge region [50] . Circulating levels of S100A8 and S100A9 in healthy subjects range between 0.1 and 0.6 mg/L, and may increase 20-fold in inflammatory conditions [51, 52] , which is just coincident with our finding. S100A8 and S100A9 are constitutively expressed by granulocytes, monocytes, and early differentiation stages of macrophages and can be released upon necrosis or actively secreted by phagocytes during inflammation [53, 54] . Upon activation, S100A8 and S100A9 form the S100A8/A9 complex, which translocate to the cytoskeleton and plasma membrane, from which it is secreted [55, 56] . S100A8/S100A9 could mediate cell death by DNA fragmentation and mitochondrial pathway [50] . Moreover, S100A8/A9 has multiple effects on the NADPH complex. S100A8/A9 transports arachidonic acid, a second messenger in cellular signaling, between the cytosol and the NADPH oxidase complex at the plasma membrane in neutrophils, leading to the oxidative burst important in inflammatory cells [57] . Thus, S100A8/S100A9 is not only a useful marker of inflammation but also plays a pivotal role in the pathogenesis of inflammatory disorders [50] . Similarly, we found increased expression of pro-inflammatory cytokines IL-1β and IL-18, enhanced cell apoptosis and ROS generation and deteriorated renal function paralleling to circulatory S100A8/A9 level, indicating an important role of S100A8/A9 in CIAKI. S100A8/A9 has become widely recognized as a potent endogenous ligand for TLR4 in various diseases including septic shock and vascular and autoimmune disorders [58] [59] [60] . In present study, CM induced increased TLR4 expression in both kidney tissue and NRK-52E cells, along with elevation of circulatory S100A8/A9 levels, prompting that CM might activate TLR4 via S100A8/A9, leading to downstream inflammatory cascade and kidney injury. S100A8/A9 can be used for differentiation between pre-renal AKI and intrinsic AKI [61] . However, there are two potential limitations that have to be discussed. First, the effect of different entities of chronic kidney disease on S100A8/A9 needs further investigation. It appears probable that chronic glomerulonephritis, for example, leads to increased levels of S100A8/A9 independent of a potential acute prerenal deterioration of renal function. Second, urinary tract infection may increase urinary S100A8/A9, because it goes along with leukocyturia. Thus, urinary tract infections with or without coincidental signs of dehydration, being a cause of deteriorating renal function, will be classified as intrarenal AKI.
Conclusion
We have uncovered for the first time that S100A8/A9 was implicated in CI-AKI by activation of TLR4/NLRP3 inflammasome, which may deepen our knowledge on the mechanism of revealing the pathogenesis of CIAKI. In addition, we provided strong evidence Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry
